Kimley»Horn

MEMORANDUM
To: Jon Horn, P.E.
From: Brandon Bourdon, P.E.
Date: October 13, 2016

Subject:  Intersection Configuration and Control Memo
New Roadway Connection & East Point Douglas Road
Cottage Grove, MN

Kimley-Horn and Associates, Inc., (Kimley-Horn) was retained by the City of Cottage Grove to
evaluate the geometry and intersection control that may be necessary for a future intersection on
East Point Douglas Road at a new roadway connection approximately 600 feet west of CSAH 19
(Innovation Road) in Cottage Grove, Washington County, Minnesota (see Figure 1; Site Location).
Cottage Grove is located in east central Minnesota and is situated in the southern portion of
Washington County. The estimated population of Cottage Grove in 2013 was 35,399, and by 2040,
Cottage Grove is expected to grow to 47,000 residents. Recent development on East Point Douglas
Road has significantly increased traffic volumes in the area. Therefore, Washington County is
currently investigating design solutions to improve existing conditions and accommodate future
growth for the intersections of the westbound TH 10/61 Ramps and East Point Douglas Road with
CSAH 19.

As a part of this study, the planned roadway connection to East Point Douglas Road (west of CSAH
19) was examined under the anticipated future baseline conditions as well as a potential access
alternative in which only an access to East Point Douglas Road is provided for the future
development and there is no access to CSAH 19. This memorandum summarizes the analysis for the
future baseline scenario as well as the alterative access scenario. Existing and forecast traffic
volumes were used to determine whether the subject intersection could meet warrants for a traffic
signal or all-way stop and capacity analyses were completed for each control type (two-way stop-
control (TWSC), all-way stop-control (AWSC), and signalization) to understand future operations at
the intersection. A sensitivity analysis was also performed for the alternate access scenario to
determine if and at what level of development could occur prior to the minor-leg stop-control no longer
operating acceptably. The findings of the analyses are detailed in the following sections of this
memorandum.
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1 Figure 1: Project Location
Klmley))) Horn East Point Douglas Road & New Roadway Connection
Figure 1: Site Location
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FUTURE CONDITIONS

West of CSAH 19, East Point Douglas Road is a two-lane two-way local roadway with a speed limit of
40 mph. The proposed design alternative for the improvements planned for the intersections along
CSAH 19 would slightly realign East Point Douglas Road to the south and provide a six-leg
roundabout at its intersection with CSAH 19. A single inbound and outbound lane are planned for the
west leg of the roundabout to East Point Douglas Road. Based on a review of the forecast traffic
volumes, that are described later, the intersection of the new roadway connection and East Point
Douglas Road was evaluated using the initial intersection geometry and shown in Figure 2;
Conceptual Intersection Geometry.
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Figure 2: Conceptual Intersection Geometry

e Southbound Approach (New Roadway Connection): Provide exclusive left- and right-turn
lanes.

e Eastbound Approach (East Point Douglas Road): Provide an exclusive left-turn lane and a
single through lane.

e Westbound Approach (East Point Douglas Road): Provide an exclusive right-turn lane and
a single through lane.

Count data collected on November 17, 2015, showed East Point Douglas Road, west of CSAH 19, to
have an ADT of 5,500 vehicles per day. During the morning peak hour, 100 westbound and 65
eastbound vehicles were observed. During the evening peak hour, 295 westbound and 290
eastbound vehicles were observed.

In order to evaluate future conditions at the planned new roadway connection, future traffic volumes

were developed for this intersection with East Point Douglas Road using the forecasted volumes for
CSAH 19 and East Point Douglas Road, as described in the Kimley-Horn memo to Washington
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County titled, CSAH 19 Travel Demand Forecasting (April 2016). The initial forecasts developed at
CSAH 19 and East Point Douglas Road did not include an additional connection to CSAH 19 north of
East Point Douglas Road as this level of detail is not included within the travel demand model. The
forecasted future year morning and evening peak hour trips on East Point Douglas Road west of
CSAH 19 are summarized in Table 1, and do not include the north access on CSAH 19.

Table 1: Existing Volume, Projected New Trips, and Total Forecast Volume on East Point Douglas Road
West of CSAH 19 (prior to adjustments to account for additional access to CSAH 19)

Existing (2015) Projected New Total Forecasted
Peak Hour | Direction Volume Trips (2040) Volume (2040)
Eastbound 65 280 345
AM Westbound 100 545 645
Eastbound 290 670 960
PM Westbound 295 360 655

Off-model adjustments were then used to estimate the impact of adding a new access to CSAH 19
north of East Point Douglas Road to serve future demand from adjacent properties. In order to
distribute these forecasted trips between the two access connections provided for the New Roadway
Connection (to East Point Douglas Road and to CSAH 19 to the north), the following assumptions
were made:

e 80% of new trips to and from the south on CSAH 19 were assumed to use the south access
(East Point Douglas Road); the remaining 20% would use the north access.

e 80% of new trips to and from the north on CSAH 19 were assumed to use the north access;
the remaining 20% would use the south access (East Point Douglas Road)

Following the development of forecasts for East Point Douglas Road west of CSAH 19 using the
assumptions above, the following additional assumptions were made to develop turning movement
forecasts for the intersection of East Point Douglas Road and the proposed New Roadway
Connection:

o All new trips to the area were assumed to use the new roadway connection to access the new
development; this is a conservative assumption as some traffic may access new development
in the area via the existing Walmart east access.

e All existing trips on East Point Douglas Road were maintained.

e |n addition to the new trips shown in Table 1, 25% additional trips were assumed in order to
account for new trips to and from the west on East Point Douglas Road that were not captured
in the forecasts on CSAH 19. Which results in the following additional trips:

0 140 inbound trips from the west, 70 outbound trips to the west during the AM peak hour
0 90 inbound trips from the west, 170 outbound trips to the west during the PM peak hour

The resulting forecasted turning movement volumes for the Baseline Scenario are shown in Figures
3 and 4.
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Figure 4: Baseline Scenario — 2040 AM Forecasted Peak Hour Turning Movement Volumes

An additional scenario was also developed to test operations on East Point Douglas Road if no
additional connection to CSAH 19 is assumed. Forecasted volumes for this Alternate Access
Scenario are shown in Figures 5 and 6.
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Figure 5: Alternate Access Scenario — 2040 PM Forecasted Peak Hour Turning Movement Volumes

Figure 6: Alternate Access Scenario — 2040 AM Forecasted Peak Hour Turning Movement Volumes

WARRANT ANALYSES

Using the recommended geometry and future volumes developed for the new roadway connection to
East Point Douglas Road (Figures 3 through 6), signal warrant analyses were completed to identify
the appropriate intersection control for the new intersection under the future scenarios. Since the
intersection does not currently exist, turning movement data could not be collected for use in
evaluating the signal warrants. As a result, the projected future volumes were utilized to evaluate
Warrant 2, Four-Hour Vehicular Volume, and Warrant 3, Peak Hour Vehicular Volume, from the
Minnesota Manual on Uniform Traffic Control Devices (MnMUTCD). Additional warrants could be
evaluated for the intersection such as Warrant 1, Eight-Hour Vehicular VVolume; however, given the
limited data available, they were not included as part of this analysis.
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To evaluate Warrant 2, projected morning and evening peak hour volumes were used to develop four
hours of turning movement volumes for the intersection assuming that the hour before (or after) each
peak hour carries approximately 85% of the peak hour volume. For the purposes of this evaluation,
the combination of these four hours, the two peak hours and the respective adjacent hour, are
assumed to be the highest four hours of the day. The projected approach volumes utilized for the
warrant evaluations are show in Table 2 below. Per Minnesota Department of Transportation
(MnDOT) guidelines, minor street right turns were not considered as part of this analysis.

Table 2: Projected Major and Minor Street Volumes

_ Approach Volume

Baseline Scenario Alternate Access Scenario
(No North Access)

Major Street Minor Street! Major Street Minor Street!
AM Peak 590 170 845 280
Hour
AM 85%
Adjacent 502 145 718 238
Hour
PM Peak 865 360 1035 670
Hour
PM 85%
Adjacent 735 306 880 570
Hour
1 - Excludesright turns per MnDOT guidance

The volume of both the eastbound left turns are greater than 50% of the total respective approach
volume for both scenarios during the morning hours. In addition, exclusive turn lanes, with sufficient
storage to accommodate the anticipated queuing, are planned for the approaches. As a result, the
major approaches are considered as two lanes per MNMUTCD guidance. Because right turns are not
considered on the minor street (per MNDOT guidance), the southbound approach is considered as a
single lane for the purposes of this analysis. The approach geometry assumed for the warrant
analyses is shown in Table 3.

Table 3: Approach Lanes for Signal Warrant Analyses

Approach Lane Usage

Eastbound East Point Douglas
(Major Approach)
Westbound East Point Douglas
(Major Approach)
Southbound New Roadway Connections
(Minor Approach)

2 approach lanes

1 approach lane

1 approach lane
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Baseline Scenario

The projected approach volumes were then plotted for the Baseline Scenario in Graph 1 for Warrant
2 and Graph 2 for Warrant 3. In order to meet the criteria for the warrants, four hours of vehicular
volumes must fall above (to the right of) the blue curves shown on the graph for Warrant 2 and one
hour must fall above the curve for Warrant 3. The curves shown on graphs represent those shown in
Figure 4C-1 (Warrant 2) and Figure 4C-3 (Warrant 3) of the MnMUTCD for an intersection with one
approach lane for both the major and minor streets.

Graph 1: Baseline Scenario - MNnMUTCD Figure 4C-1 - Warrant 2, Four-Hour Vehicular Volume, Warrant
Evaluation
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As shown in Graph 1, two of the four hours analyzed for the baseline scenario fall above the curve
and thus meet the specified volume criteria for Warrant 2. It should be noted that only the projected
evening peak hour volumes meet the criteria and the 85% evening volumes are just slightly above the
curve. As a result, it is not certain that future volumes at the intersection will meet the volume criteria
for Warrant 2; however, they should be monitored in future years to determine if/when the intersection
does meet the warrant criteria.
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Graph 2: Baseline Scenario - MNMUTCD Figure 4C-3 - Warrant 3, Peak Hour Vehicular Volume, Warrant
Evaluation
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As shown in Graph 2, the projected evening peak hour volumes are just above the specified volume
criteria for Warrant 3 for the baseline scenario. Therefore, it is possible the future volumes at the
intersection could meet Warrant 3 volume criteria. Warrant 3 is not typically used to warrant a signal
in a suburban area and is seldom recognized by MnDOT. We then reviewed Warrant 1 (Eight Hour
Warrant) and only two of the four hours of data satisfy either condition A or B for this warrant so it is
unlikely that Warrant 1 will be satisfied for the baseline scenario. We recommend that volumes at the
intersection be monitored in future years to determine if and when the intersection meets the warrant
criteria.

In addition to traffic signal warrant analysis, an all-way stop control (AWSC) and roundabout were
investigated for the subject intersection. Generally, a roundabout is warranted when volumes at the
intersection meet the criteria for AWSC. A review of the 2015 hourly traffic volumes collected for East
Point Douglas Road (detailed in Appendix A) reveals that the major street currently meets the AWSC
criteria of at least 300 vehicles per hour for more than eight hours. However, in order to meet the
criteria, the minor street approach must have at least 200 vehicles per hour for the same eight hours.
Since the projected minor-street volumes are only greater than 200 vehicles during the evening peak
hours, it is not likely that the approach will have the volume necessary to meet the volume warrant.
Therefore, it is unlikely that an all-way stop be warranted for the subject intersection, and as a result,
a roundabout is not likely necessary to facilitate traffic through the intersection. Given the projected
volumes, that the intersection is projected to operate well under all-way stop and signal control
(detailed in the following section), the close intersection spacing, and the more significant
construction impacts that would result from the installation of a roundabout, a roundabout is not
considered as a viable option for this location and is not analyzed further in this memorandum.
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Alternate Access Scenario

Similar to the baseline scenario, the projected approach volumes for the alternate access scenario
were plotted to evaluate Warrant 2 and Warrant 3, and are shown in Graphs 3 and 4, respectively.
As detailed above, to meet the criteria for Warrant 2, four hours of vehicular volumes must fall above

(to the right of) the blue curves shown on the graph, and for Warrant 3, one hour must fall above the
applicable curve.

Graph 3: Alternate Access Scenario - MNMUTCD Figure 4C-1 - Warrant 2, Four-Hour Vehicular Volume,
Warrant Evaluation
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As shown in Graph 3, three of the four hours analyzed for the alternate access scenario fall above

the curve and the fourth is just below meeting the criteria. Therefore, the scenario does not meet the
specified volume criteria for Warrant 2.
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Graph 4: Alternate Access Scenario - MNMUTCD Figure 4C-3 - Warrant 3, Peak Hour Vehicular Volume,
Warrant Evaluation
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As shown in Graph 4, the projected evening peak hour volumes also meet the specified volume
criteria for Warrant 3. Warrant 3 is not typically used to warrant a signal in a suburban area and is
seldom recognized by MnDOT. We then reviewed Warrant 1 (Eight Hour Warrant) and four of the four
hours of data satisfy either condition A or B for Warrant 1 may be satisfied for the alternative access
scenario in 2040. We recommend that volumes at the intersection be monitored in future years to
determine if and when the intersection meets the warrant criteria.

The implementation of all-way stop control (AWSC) and a roundabout were also investigated for the
alternate access scenario. As detailed above, the 2015 hourly traffic volumes collected for East Point
Douglas Road satisfy the major-street volumes needed to warrant an all-way stop. Since the
projected volumes for the minor-street approach are greater than 200 vehicles during both the
morning and evening peak hour, it is possible that the intersection could have the necessary volume
throughout the day to warrant an all-way stop. However, a roundabout is not recommended at this
location as the intersection is projected to operate well under signal control (detailed in the following
section), and due to the close intersection spacing and the more significant construction impacts that
would result from the installation of a roundabout. As a result, a roundabout is not further analyzed in
this memorandum as it is not considered a viable option for the alternate access scenario.

CAPACITY ANALYSIS

To understand how the intersection may operate under two-way stop-control, all-way stop-control,
and signalized conditions, intersection capacity analyses were completed for future conditions during
the projected morning and evening peak hours. Per MNnDOT standards, the analysis was completed
using SimTraffic simulation software.
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Baseline Scenario
The delay and level of service projected for the intersection for the Baseline Scenario under each
control type is shown in Table 4 and the projected 95™ percentile queues are shown in Table 5.

Table 4: Projected Future Control Delay and LOS

AM Peak Hour PM Peak Hour

Awse AWSC

Movement

EBL 5 A 6 A 29 C 5 A 10 B 36 D
EBT 1 A 8 A 14 B 1 A 16 C 19 B
WBT 1 A 9 A 17 B 1 A 18 C 20 C
WBR 1 A 5 A 5 A 1 A 6 A 4 A
SBL 14 B 6 A 8 A >120 F 24 C 11 B
SBR 3 A 3 A 2 A 99 E 6 A 5 A

EBL 66 57 131 53 58 107
EBT = 52 63 = 125 174
WBT - 55 80 - 137 179
WBR 26 87 88 11 74 70
SBL 106 69 98 > 1320 242 184
SBR 38 37 37 568 95 72

For the majority of the analyzed scenarios, the intersection is projected to operate well. With the
exception of the TWSC during the evening peak hour, all movements operating at LOS D or better
under TWSC, AWSC, or signalization. For TWSC, only the minor street approach and eastbound left-
turn experience delay greater than one second since through vehicles along East Point Douglas do
not have to stop at the intersection. During the evening peak hour, the southbound left- and right-turn
movements are shown to operate at LOS F and the left-turn is shown to have a 95" percentile queue
greater than a half-mile in length. Conversely, the movement operates well during the morning peak
hour (LOS B) with a 95" percentile queue of about four vehicles. The higher delay in the evening
peak hour is fairly typical for minor-leg stop controlled approaches with major streets, particularly at
intersections that have a concentrated period of higher minor leg volume for a short period during the
day, which can be reflective of concentrated retail locations that are often not open during the
morning peak period. The projected queues for the southbound approach under TWSC are not
reasonable and therefore, TWSC is not recommended for the intersection.

With AWSC, delay is balanced between the minor and major legs as all vehicles must stop prior to
continuing through the intersection. Under AWSC all movements are shown to operate at LOS C or
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better during the morning and evening peak hours. The maximum 95" percentile queues are
projected as approximately 242 feet or less (~10 vehicles or less) for all movements at the
intersection during both the morning and evening peak hours. Based upon the simulation results, if
AWSC is implemented at the intersection, operations at the proposed roundabout to the east are not
anticipated to be negatively impacted by westbound queues at this proposed intersection.

For the signalized scenario, all movements at the intersection operate at LOS D or better during both
the morning and evening peak hours. The maximum 95th percentile queue length simulated for the
westbound right-turn movement is roughly 3 vehicles (88 feet during the morning peak hour and 70
feet during the evening peak hour). Based upon these results, operations at the proposed adjacent
roundabout are not anticipated to be negatively impacted by westbound queues if a signal were
installed for the intersection with the new roadway connection. The eastbound approach is shown to
have a maximum 95" percentile queue length of approximately 131 feet (~5 vehicles) for the left-turn
movement and 125 feet (~5 vehicles) for the through movement. The maximum 95th percentile
gueues for the southbound approach are projected during the evening peak hour as approximately
184 feet (~7 vehicles) for the left-turn movement and 72 feet (~3 vehicles) for the right-turn
movement.

Alternate Access Scenario

For the Alternate Access Scenario, delay and corresponding level of service projected for the
intersection is shown in Table 6 for each control type. 95" percentile queues projected for the
intersection under each control type are shown in Table 7.

Table 6: Projected Future Control Delay and LOS

AM Peak Hour PM Peak Hour
Movement TWSC AWSC AWSC

EBL 13 B 7 A 21 C 8 A 12 B 28 C
EBT A 9 A 11 B 1 A 20 C 22 C
WBT 1 A 10 A 19 B 1 A 24 C 33 C
WBR A 12 B 9 A 1 A 9 A 7 A
SBL 47 E 8 A 15 B > 120 F | >120 F 17 B
SBR 6 A 3 A 3 A >120 F | >120 F 2 A
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Table 7: Projected 95" Percentile Queues

95t Percentile Queue (Feet)

Movement AM Peak Hour PM Peak Hour

EBL 92 61 106 59 64 98

EBT = 53 57 = 148 200
WBT - 79 91 - 164 240
WBR 53 208 182 18 122 113
SBL 377 102 183 >1320 >1320 354
SBR 144 36 42 555 383 122

For the Alternate Access scenario, the intersection is projected to operate well in the morning under
all control types; however, during the evening peak hour delay for the southbound approach is
projected to be significant (greater than two minutes per vehicle) under TWSC and AWSC. In
addition, queueing is anticipated to be significant for the southbound left-turn under the stop-control
scenarios (greater than a half-mile in length). As a result, two-way and all-way stop control are not
recommended for the Alternate Access scenario.

For the signalized scenario, all movements at the intersection operate at LOS C or better during both
the morning and evening peak hours. The maximum 95th percentile queue length simulated for the
westbound right-turn movement is approximately 7 vehicles during the morning peak hour (or 182
feet). Based upon these results, if a signal were installed for the intersection with the new roadway
connection, it does not appear the westbound queues would negatively impact operations at the
proposed adjacent roundabout. The eastbound approach is shown to have a maximum 95" percentile
gueue length of approximately 98 feet (~4 vehicles) for the left-turn movement and 200 feet (~8
vehicles) for the through movement. The maximum 95th percentile queues for the southbound
approach are projected during the evening peak hour as approximately 354 feet (~14 vehicles) for the
left-turn movement and 122 feet (~5 vehicles) for the right-turn movement. The anticipated evening
peak hour queuing for the southbound left-turn movement is quite common for minor-leg approaches
with major streets, particularly at intersections that have a concentrated period of higher minor leg
volume for a short period during the day, which can be reflective of concentrated retail locations that
are often not open during the morning peak period.

SENSITIVITY ANALYSIS

As requested, a sensitivity analysis was performed for the alternate access scenario to determine the
density of development that could be added prior to minor-leg stop-control no longer operating
acceptably. To perform this analysis, turning movement volumes to and from the New Roadway
Connection were iteratively reduced until the delay and queueing for the southbound left-turn are
projected to be reasonable for future conditions. Only the evening peak hour was tested as part of the
analysis since the capacity results reveal that this is when queueing and delays is the worst for the
intersection. Based upon the analysis, it appears that the intersection begins to breakdown with
greater than fifty percent of the development volume turning to and from the new roadway
connection. Therefore, if no access is provided to CSAH 19 and TWSC is desired, the future build-out

kimley-horn.com | 2550 University Avenue West, Suite 238N, St. Paul, MN 55114 651 645 4197



Kimley»Horn Page 15

of the planned development would need to be reduced by fifty percent in order to maintain acceptable
operations and queueing for the intersection.

CONCLUSIONS AND RECOMMENDATIONS

The intersection of East Point Douglas Road with the New Roadway Connection will eventually
require AWSC or signalization in 2040. If the connection to CSAH 19 is created, AWSC is anticipated
to serve traffic adequately though 2040. Without the connection to CSAH 19, a signal is likely
necessary by 2040 if the anticipated development occurs. If over 50% of the anticipated development
occurs and the connection to CSAH 19 is not constructed, AWSC or signalized control will likely be
required to adequately serve traffic. If all the development occurred and the connection was never
built to CSAH 19, a signal should be able to adequately serve the projected traffic under the proposed
intersection geometry.

Since the area is underdeveloped, traffic volumes will need to be monitored as the area develops to
determine when the installation of AWSC or a signal is warranted.
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APPENDIX

A) Existing 2015 Traffic Volumes
B) Future 2040 Traffic Volumes
C) SimTraffic Outputs
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Appendix A

Existing 2015 Traffic Volumes






